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(54) GPS RECEIVER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To successfully carry out 
searching frequencies even in the case a referential 
clock with poor accuracy is supplied thereon. 
SOLUTION: In the case a value of the RSSI output from 
a transmitting/ receiving section of a PDC-P module is 
large, the frequency search at a high speed is realized 



a GPS module. In the case the value of RSSI is small, 
failures in the frequency search are eliminated or 
reduced by widening the range of the frequency to be 
searched. Because the value of RSSI represents the 
intensity of a received signal and indirectly represents 
the accuracy of the referential clock REFCLK, the 
failures in the frequency search are eliminated or 

reduced by setting the range of the frequency to be searched in response to the value of 
RSSI, and therefore a required time for searching can be shortened as a whole. 
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5 1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A GPS receiver rt is large when accuracy characterized by comprising the following from which the 
1 5 above-mentioned communication module presumed accuracy of the above-mentioned reference clock, and was 
obtained by presumption in a GPS receiver is high and it is low narrow again, and setting up the 
above-mentioned search frequency range. 

A GPS module which searchs input-signal carrier frequency in a search frequency range according to a 
reference clock which carries out radio receiving of the signal from a GPS Satellite, and is supplied from a 
20 communication module. 

The above-mentioned communication module which carries out radio receiving of the signal from the radio 
communications system concerned, operating so that frequency synchronization to a radio communications 
system of a connection destination may be maintained as much as possible, and is made to generate the 
above-mentioned reference clock according to the input signal. 

25 

[Claim 2]A GPS receiver presuming what has high accuracy of the above-mentioned reference clock in the GPS 
receiver according to claim 1 when the above-mentioned communication module has high received signal 
strength from the above-mentioned radio communications system, and presuming a thing low when weak 



30 DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention about a GPS (Global Positioning System) receiver, It is related with the 
35 GPS receiver provided with the PDC-P module for connecting with the communication module, for example, the 
PDC-P (PersonalDigital Cellular-Packet) network, for connecting with a radio communications system especially. 
[0002] 

[Description of the Prior Art]The server support type GPS receiver which performs positioning processing or its 
part as a GPS receiver gaining the support from the server of the exterior besides the autonomy type GPS 
40 receiver which can complete positioning processing with its simple substance is developed from the former. 
There is a snap track method GPS receiver which uses PDC-P as a latter type for connection with a server. A 
"snap track" is a trademark of SnapTracklnc. and snap track Japan. 

[0003]The GPS receiver constituted as a snap track method personal digital assistant is shown in drawing 1 . 
This GPS receiver has GPS module 10 and the PDC— P module 20. Since all are the circuits which deal with the 
45 signal of high frequency, GPS module 10 and the PDC-P module 20 are shielded electromagnetically, 
respectively. GPS module 10 and the PDC-P module 20 are stored in a common case for portable reservation. 
The PDC antenna 21 grade for the GPS antenna 1 1 for receiving the signal from a GPS Satellite and the radio 
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transmission and reception between PDC-P base stations is provided in the surface or the inside of this case. 
Although the graphic display is omitted, it is supposed that the light emitting device and indicator for providing 
information further to the switch, the key, and person having who are operated by person having, a sound output 
part, etc. will be provided suitably. It also has the battery which supplies a power supply to each member within a 
5 terminal. 

[0004]GPS module 10 is a module which stored the circuit which receives and catches the signal from a GPS 
Satellite, and derives a pseudo range among these modules. 

The PDC-P module 20 is a module which stored the circuit connected to the server (location server) on a 
network using a PDC-P base station (PDC-P network). 

10 In GPS module 10. The input signal from a GPS Satellite. DSP14 which performs data processing containing 
snapshot RAM 13 which memorizes the input signal in the down contest part 12 and snapshot period which cany 
out a down convert FFT, etc., and the TCX015 grade which generates the clock GPSCLK for GPS modules 10 
are stored. Although not illustrated, in GPS module 10, the A/D converter etc. which carry out the A/D 
conversion of the signal outputted from the down contest part 1 2 are formed. To the PDC-P module 20. The 

15 PDC antenna 21. The ROM26 grade which stores CPU24 which performs the transmission and reception 
section 22 which uses and performs transmission and reception, the control section 23 which controls operation 
of the transmission and reception section 22, both inter module signalHransmission agency, and a local control, 
RAM25 which provide the working storage, software, etc. is stored. 

[0005]In a snap track method, when detecting the position of a terminal slack GPS receiver, etc., a server 

20 chooses the GPS Satellite which should be made a receiving pair elephant at a terminal, addresses to the 
terminal, and emits positioning directions. The commands including these positioning directions which a server 
emits in relation to employment and positioning of a system are called a server command. On the other hand, it 
is operation within a terminal, the command in connection with the operation which does not need to receive 
support from a server is called a local command, and CPU24 publishes the set operating condition of DSP14, etc. 

25 in the example of a graphic display. In the illustrated example, although the CPU24 grade local control-related 
member is provided in the PDC-P module 20 according to the indication by the application for patent No. 
387420 [ 2001 to ], a local control-related member can also be used as another module (control module). 
[0006] First if it is based on the operation procedures of a terminal and states, when one [ the electric power 
switch of this terminal ], CPU24 will publish a local command to DSP14 and will perform various setting out For 

30 example, setting out of REFCLK frequency, etc. are performed. After that for the prevention from battery power 
consumption, DSP14 suspends the current supply to the down contest part 12, the clock supply to the A/D 
converter which is not illustrated, etc., and stands by. If positioning directions are published from a server by this 
addressing to a terminal and those positioning directions are received by the PDC antenna 21 and the 
transmission and reception section 22 via a network in that state, CPU24 will transmit those positioning 

35 directions to DSP14, cooperating with the control section 23 which controls operation of the transmission and 
reception section 22. When DSP14 is received [ positioning directions ], while publishing the response which 
shows that positioning directions were received, it starts the operation for pseudo range derivation. Since the 
response which DSP14 published at this time is a response to the positioning directions which are server 
commands, it is transmitted to a server in a course contrary to positioning directions transfer. At the positioning 

40 directions reception time, GPS module 10 is in the low-power-consumption state by an above-mentioned 
current supply stop, clock supply interruption, etc. Then, in starting the operation for pseudo range derivation, 
DSP14 makes supply of the power supply and clock to those members resume. Next DSP14 performs a pseudo 
range derivation procedure in order with positioning directions. If a pseudo range is drawn, while DSP14 performs 
current supply stop to the down contest part 12, clock supply interruption to an A/D converter, etc., it will notify 

45 sending out of a pseudo range, and the end of processing to CPU24. CPU24 sends out a pseudo range to a 
server via the control section 23 of the PDC-P module 20, the transmission and reception section 22, and the 
PDC antenna 21. 
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[0007]A series of operations performed by between DSPfrom response to positioning directions to processing 
terminating notice 14, i.e., pseudo range derivation, are performed as follows. First, the number of the GPS 
Satellite which should be received is included in positioning directions. DSP14 incorporates the input signal by 
the GPS antenna 11 via the down contest part 12 and an A/D converter during the snapshot DSP14 
5 accumulates this input signal on snapshot RAMI 3 (snapshot). Then, DSP14 performs FFT processing for pseudo 
range detection about this input signal by which the snapshot was carried out, adding frequency correction, and 
carries out accumulation of that result since this frequency correction is what compensates a part for the 
Doppier shift generated according to the relative-displacement speed of a satellite versus a terminal — every 
satellite — and it is necessary to carry out, carrying out the gradual change of the frequency correction quantity 

10 (frequency search) Since time is taken if a wide frequency range is covered and a frequency search is performed 
here, by the snap track method, the Depraz shift amount (outline point estimate) has been given for every 
satellite in the positioning directive command. Therefore, in a snap track method, the signal of a satellite can be 
caught from the input signal on snapshot RAM 13 in a short time only by performing the frequency search in a 
very narrow search frequency range as below-mentioned, therefore the pseudo range to the satellite can be 

15 detected in a short time. When DSP14 is able to derive a pseudo range through FFT processing of the input 
signal on snapshot RAM 13, CPU24 makes the message which shows the result transmit to a server from the 
PDC-P module 20. A server receives this and computes the position of a GPS receiver. 

[0008] Frequency correction in the frequency search mentioned above is performed in a search frequency range. 
If GPSCLK from TCXO(temperature compensated crystal oscillator)! 5 which is an operation reference clock of 

20 DSP14 is fully and always high degree of accuracy, By narrowing down a search frequency range to the very 
narrow range for example, of a 0.3 ppm (in case of L1 subcarrier of GPS about 473 Hz) grade, pseudo range 
derivation in a short time is realizable. However, the oscillation accuracy of TCX015 is not usually enough and an 
about 3 ppm bigger frequency error than a search frequency range appears in GPSCLK. In such a state, even if 
it performs a frequency search, the signal of a satellite may be unable to be caught from the input signal on 

25 snapshot RAM 13. Methods of not being based on the accuracy of GPSCLK, but catching a signal, and enabling it 
to derive a pseudo range include the method of supplying accurate reference clock REFCLK to DSP14 from the 
transmission and reception section 22. That is, the automatic^frequency-control (AFC) circuit for establishing 
frequency synchronization to the input-signal subcarrier from a PDC-P base station is usually established in the 
circuit linked to a radio communications system like PDC-P. If the frequency of the oscillation clock by the 

30 oscillator generally controlled by the state where frequency synchronization is suitably established by operation 
of the AFC circuit to carry out frequency synchronization to the clock or input signal reproduced from the input 
signal has strong signal strength, it will become an about 0.1 ppm very highly precise thing. Therefore, also in a 
snap track method-oriented terminal, it is possible to establish the **** Ape circuit and clock generating means 
of upper **, for example in the transmission and reception section 22, and to supply DSP14 by setting to 

35 REFCLK the clock obtained as a result If it is made such, it is suppliable even if the oscillation accuracy of 
TCX015 is somewhat bad. 

[0009]Thus, a snap track method is a method which realizes radio support type GPS (WAG:Wireiess Assisted 
GPS), when the personal digital assistant operates on the assumption that the support from a server. Since 
many of data processing is burdened by the server, the burden of a terminal becomes light Since the snap track 

40 method-oriented terminal can be considered as the composition which stored two modules (or including a 
control module three pieces) in the single case as it was shown in drawing 1 , it can acquire a terminal convenient 
to carry and its assembly and manufacture are also comparatively easy for it By including CPU24 and its 
peripheral circuit in the PDC-P module 20, as the applicant for this patent indicated by the application for patent 
No. 387420 [ 2001 to ], the number of composition modules can be reduced and the further small weight saving, 

45 and a manufacturing cost and component cost reduction can be attained, it can compare with the conventional 
GPS receiver as a characteristic effect of a snap track method, the positioning signal of a low can also be 
received and caught (namely, — high sensitivity reception prehension is realizable), and the point that the 
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operation is also a high speed can be got This is realized by the input-signal accumulation described previously, 
having introduced high speed operation processing of FFT etc., the frequency search which narrowed down the 
range extremely, etc. 
[0010] 

5 [Problem(s) to be Solved by the Invention] However, the frequency synchronization of REFCLK to a PDC-P 
base station is not necessarily always secured suitably. The search frequency range in GPS module 10 cannot 
catch a satellite signal from the input signal on snapshot RAMI 3, if the frequency precision of REFCLK gets 
worse than 0.3 ppm, since fixed setting out is carried out as [ about ] above-mentioned (for example, 0.3 ppm). 
That is, when DSP14 is supplied as it is by setting to REFCLK the clock generated in the transmission and 
1 0 reception section 22, derivation of a pseudo range may go wrong. 

[001 1]It makes as a technical problem that this invention solves such a problem, It is setting to one of the 
purposes enabling it to perform derivation of the pseudo range in a GPS module, etc., also when the clock 
generated by the PDC-P module (if it generally expresses communication module) is low precision. 
[0012] 

15 [Means for Solving the Problem]In order to attain such a purpose, this invention, (1) A GPS module which 
searchs input-signal carrier frequency in a search frequency range according to a reference clock which carries 
out radio receiving of the signal from a GPS Satellite, and is supplied from a communication module, (2) The 
above-mentioned communication module which carries out radio receiving of the signal from the radio 
communications system concerned, operating so that frequency synchronization to a radio communications 

20 system of a connection destination may be maintained as much as possible, and is made to generate the 
above-mentioned reference clock according to the input signal, In a ******** GPS receiver, when accuracy 
from which the (3) above-mentioned communication module presumed accuracy of the above-mentioned 
reference clock, and was obtained by presumption is high and rt is low narrow again, it is large, and the 
above-mentioned search frequency range is set up. For example, the above-mentioned communication module 

25 is presumed to be what has high accuracy of the above-mentioned reference clock when received signal 
strength from the above-mentioned radio communications system is high, and when weak it is presumed to be a 
low thing. 

[0013]Thus, when rt is presumed that accuracy of a reference clock is high, a search frequency range is 
narrowed, and when it is presumed that it is conversely low, he is trying to extend in this invention. Therefore, 

30 since accuracy of a reference clock is worse than a ratio of a search frequency range to carrier frequency 
(large), the frequency search failure ****** can prevent the situation used as pseudo range derivation failure. 
When accuracy of a reference clock is low, the processing time required in a GPS module becomes somewhat 
long t but probably, it is a range to which it can submit rf compared with search failure. In order to generate a 
reference clock in a communication module according to an input signal (it is not asked whether it is a thing 

35 under communication) from a radio communications system of a connection destination, performing frequency 
synchronization establishment maintenance operation, If received signal strength from the radio communications 
system concerned is high, it can be considered that frequency synchronization is established suitably and a 
reference clock is high degree of accuracy. On the contrary, if received signal strength from a radio 
communications system is low, frequency synchronization is not established so suitably, therefore it can be 

40 considered that a reference clock is low precision. Therefore, presumption of reference clock accuracy and 
search frequency range determination based on the result are realizable by a simple technique of search 
frequency range determination according to received signal strength. Complicated processing is not required. 
[0014] 

[Embodiment of the Invention] Hereafter, the suitable embodiment of this invention is described based on a 
45 drawing. Since this invention can be carried out under the equipment configuration shown in drawing 1 , the 
following explanation also refers to drawing 1 , but this is for facilitation of explanation to the last, and is not the 
meaning which limits the embodiment, especially hardware constitutions of this invention to the composition of a 



Page 4 of 6 



statement of drawing 1 . 

[001 5]The suitable embodiment of this invention is narrow when the accuracy which presumed the accuracy of 
REFCLK and was obtained by presumption is high, when low, it is large, and it is characterized by setting up or 
controlling a search frequency range. It depends for the accuracy of REFCLK on the frequency synchronization 
5 state of the transmission and reception section 22 to a PDC-P network, and REFCLK becomes highly precise in 
the state where frequency synchronization is suitably established by the AFC circuit in the transmission and 
reception section 22 Suitably, perform frequency synchronization (automatic frequency control by an AFC 
circuit) to a PDC-P network, and, generally it is easy to be established it so that the received signal strength in 
the transmission and reception section 22 is high. Then, in this embodiment it uses as a presumed index of 
1 0 REFCLK accuracy by the received signal strength in the transmission and reception section 22. By responding 
to the received signal strength from a PDC-P network, and setting up or controlling a search frequency range, 
according to this embodiment even if REFCLK accuracy is bad, satellite signal prehension * ***** j s reducing 
notably the probability that pseudo range derivation will go wrong. 

[0016]The received signal strength in the transmission and reception section 22 can be known from the RSSI 
15 (Receiving Signal Strength Indicator) signal outputted from the transmission and reception section 22. A RSSI 
signal is a signal with which signal input level ****** from the PDC antenna 21 to the transmission and reception 
section 22 expresses the receiving field intensity in the PDC antenna 21, and a RSSI signal value becomes large, 
so that receiving field intensity is high. Since a RSSI signal is a signal currently used from the former for grasp of 
the communicating state between non-railroad sections, or management also conventionally, this embodiment 
20 also has the advantage that it can carry out simple, without changing into the composition of the transmission 
and reception section 22 exceptionally. Search frequency range setting out based on a RSSI signal value, For 
example, the table or expression which defines the characteristic shown in drawing 2 is memorized in the 
ROM26 grade, Based on the RSSI signal value obtained via the control-section 23 grade, it can perform in the 
procedure in which CPU24 determines a search frequency range from this table or expression, and sets a 
25 search frequency range as DSP14 via control-section 23 grade. It can be said that this embodiment has the 
advantage that it can carry out only by change of some of the program which CPU24 executes, at this point Or 
the search frequency setting function according to a RSSI signal value may be provided as a function of the 
control section 23. 

[001 7]Setting out and control of a search frequency range can be performed at the arbitrary times, as long as 
30 the method related with received signal strength with the gestalt of a RSSI signal is obtained. There is 
immediately after positioning directions as an example of execution timing. For example, when positioning 
directions are received from a server, rt gets mixed up with passing these positioning directions to DSP 14, and 
CPU24 or the control section 23 performs setting out to DSP14 based on a RSSI signal value of the search 
frequency range which was search^frequency-range-determined and was determined. Operation which sets a 
35 search frequency range as DSP 14 can be performed by the local command to DSP 14, and the notice from the 
control section 23, for example. The former adds the function to generate a local command according to 
positioning directions (general server command) to CPU24, It is realizable preparing the command for search 
frequency range setting out as the kind of a local command, and by setting up suitably the conditions which 
publish the command. The latter is realizable by establishing the signal for search frequency range setting out 
40 [0018]The example shown in drawing 2 is an example about L1 subcarrier of GPS. Besides considering it as the 
smooth curve characteristic like this example, linear, a step polygonal line target etc. can determine the 
characteristic suitably if needed out of the characteristic of having the tendency to narrow down a search 
frequency range according to the increase in an RSSI value. 



45 DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 
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[Drawing 1] ft is a block diagram showing the composition of a snap track method-oriented GPS receiver 
(terminal). 

[Drawing 2] It is the contents figure of a table showing the search frequency range control characteristic in the 
suitable embodiment of this invention. 
5 [Description of Notations] 

10 A GPS module, 11 GPS antenna, and 12 A down contest part 13 snapshot RAM, 14 DSP, 15 TCXO, 20 
PDC-P module, 21 PDC antenna, and 22 A transmission and reception section and 23 A control section, 24 
CPU, 25 RAM, 26 ROM. 

10 ■ ■ - __ — _ — _____ ______ 

[Translation done.] 
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